leave only gas as interstitial material. This is, however, not the only possibility. It is not difficult to conceive of a distribution of forces in the heterogeneous surroundings of an igneous mass such that locally the liquid might be sucked out of a crystalline mesh, which would acquire a miarolitic texture, temporarily, at least. The consequences of this action would normally differ in no essential particular from those produced by simple squeezing out of the liquid. It Despite Castle's dictum that we "have failed in two different attempts to establish the linear theory in the case of the three genes yellow, white and bifid," we are bold enough to maintain that the data furuished, and still furnish, the proof called for. We wish to call attention to the fact that in his last paper Castle ignores our proof of the linear order that is furnished by building up the whole chromosome (or even large sections of it) by "distances" so short that no double cross-over classes appear.
Castle asserts that we have rejected "nearly 99 per cent" of our data in the construction of the yellow, white, bifid section of the map. As a matter of fact no data have been omitted. In this case, as always, the order of the loci was determined by experiments that involved all of these loci at once. The order having been established the next step was to determine the relative distance between the loci by the use of all the available data. We have emphasized in our reply to Castle that there are several sources of variability in linkage values such as age, temperature, genetic factors. The variability due to these causes far outweighs that due to random sampling. It is, therefore, inadmissible to compare data from different experiments, however extensive, in establishing the order of the loci, or in testing the validity of the hypothesis of linear arrangement. For such purposes, as we have already pointed out, it is essential to use data in which all the loci are followed at once.
The purpose of the maps is twofold: first, to give the sequence of the loci, and secondly, to indicate, by the relative spacing of the loci, the crossover values most likely to coincide with the results of future experiments. For the latter purpose it is evident that mean values are needed. These can best be obtained by using all the data. And this, as stated, has been the method used for determining the distances on the maps published. Castle has used all the data for criticizing the sequence of the loci on our maps, and has accused us of using only the three-point data for determining the map-distances. Obviously this is an inversion of the correct relationship.
Even when all the available data are used in constructing the map, these data should themselves be subjected to all the ontrols that it is possible to apply to them, as everyone familiar with the treatment of rough data will understand. 278, 1919. Besides environmental disturbances of the kind just described there are factors that are known to modify crossing-over. Obviously such data should be eliminated from material from which a normal chromosome map is to be made. That Castle himself admits the validity of elimination of such data is shown by the fact that he deliberately rejected the data involving lethal 2 which we had shown to cause aberrant linkage relations. If he had used these data, all of his long wires would have been bent. Castle has set up the claim that one of the advantages of his model is that such a bending of a wire in the case of white forked revealed the fact that the experimental value of this interval was too great. The same fact would have been "revealed" on any system by a comparison of the white forked value with the values for white rudimentary and white bar, both of which were based on larger numbers than white forked itself.
Castle's discussion of interference in counection with yellow white bifid (p. 503) shows his failure to understand interference, and hence his criti-I63 GENETICS: C. W. METZ P cism misses the mark. It need only be stated that Castle was wrong in supposing that the cross-overs between yellow and white should be subtracted from the total before the white bifid cross-over value is calculated. If, as Castle states, he cannot conceive of a mechanism "which would tie two genes together in such a way that they will subsequently separate from each other oftener than they will remain together, yet this is what the idea of cross-overs in excess of 50 per cent amounts to," it would seem to follow that he has not really understood the mechanism that we have described, and which he has attacked; for, whether such a mechanism really exists or not, it is nevertheless a conceivable mechanical device that could do just this thing.
We have left to Dr. Metz the opportunity to answer Castle's criticism relating to D. virilis.
To sum up: we believe that we have met all the pertinent criticisms that Castle has brought forward of our methods and conclusions, and that he has failed to meet our criticism of his three dimensional model. 
